I 


AD-A270  897  lENTATION  PAGE 


form  Approved 

0M8  No  ofOA  otea 


'c  '  ’  rtour  D<?f  ncluOtrg  (ne  :i'ne  -oi  e-v  ng  '  jriiori,  A--if :  ■?«  it  rg 

4n'i  r<*v4ew.ftg  c;|iefiiOf>  of  .nfo'»TNai  on  S«nd  coi^mcnis  reaar<3»ng  -^ato  >;r  *-'y 

ir«PDur4^n  to  V  neadquaMe's  Se^wKe^,  D'a':'!ci’dTc  tot  tnfoi^dticn  Jo^fasors  ind  ’s,  u  i1»  >c 

th^  Qftireo^  joo  fludget.  •*apefAO'k  [CJC-^-J  ‘B8).  /Ja^h  ogtor  iCSCi 


EPORT  DATE 


14.  TITLE  AND  SUBTITLE 


[  3.  REPORT  TYPE  ANU  OATES  COVERED 
I  Final  Report  3/15/90  -  3/14/93 
,i  5  EUNOING  NUMBERS 


I  Quantum  Noise  Studies  With  Superconducting  Tunnel 

1  Junctions  Mixers 

ie.  AUTHOR(S) 


Professor  Mark  Bocko 


AFOSR-90-0231 


I  7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADORESS(ES) 
University  of  Rochester 
Department  of  Electrical  Engineering 
River  Campus 
Rochester  NY  14627 


'  8.  PERFORMING  ORGANIZATION 
ll  REPORT  NUMBER 


AF0$K-TR 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESS<ES) 

AFOSR/NE 

110  DUNCAN  AVENUE  SUITE  B115 
BOLLING  AFB  ,DC  20331-0001 


|l  10.  SPONSORING /MONITORING 
li  AGENCY  REPORT  NUMBER 


[  HAROLD.  .WE INSTOCK 

i  11.  SUPPLEMENTARY  !NOTES 


2  30*/GS 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 


12b.  distribution  code 


UNLIMITED 


ABSTRACT  (Maxii^um  200  words) 


SEE  REPORT  FOR  ABSTRACT 


OTIC 

Select  e  J 


SUBJECT  terms; 


IS.jNUMUR  OF  PAGES  | 


16.1  PRICE  CODE 


SECURITY  CLASSIFICATION  I  18.  SECURITY  CLASSIFICATION  )  19.  SECURITY  CLASSIFICATION  1  20UiMITATION  OF  ABSTRACT 
OF  REPORT  '  I  OF  THIS  PAGE  I  OF  ABSTRACT  i  !  .  .  . 


ti'iidfiL.ij 


ac 


7540-01-280-5500 


Standard  Form  298  (Rev  2-89) 

^'^sc'ibfd  by  ANSI  Sid  739- >8 


Final  Technical  Report  3/15/90  to  3/14/93 


"Quantum  Noise  Studies  with 
Superconducting  Tunnel  Junction  Mixers" 

Mark  F.  Bocko  University  of  Rochester 

We  have  completed  our  theoretical  and  experimental  investigations  of 
the  noise  properties  of  superconducting  tunnel  junction  (SIS)  mixers 
operated  as  both  a  phase  insensitive  linear  anplifier  and  as  a  phase 
sensitive  linear  amplifier.  We  proposed  a  technique  by  which  a  SIS 
mixer  could  be  operated  as  a  phase  sensitive  linear  amplifier,  i.e.,  the 
gain  and  noise  temperature  of  the  amplifier  are  a  function  of  the  the 
phase  of  the  incoming  signal.  In  this  technique  two  phase  coherent 
local  oscillators  at  different  frequencies  are  combined  in  the  mixer 
simultaneously  so  both  a  phase  preserving  and  phase  conjugating  mixing 
process  occur  resulting  in  a  phase  sensitive  mixer.  Out  main 
accomplishment  during  this  grant  has  been  to  demonstrate  that  the  phase 
sensitive  linear  amplifier  has  a  signal  to  noise  ratio  a  factor  of  at 
least  two  greater  than  the  phase  in-sensitive  linear  amplifier,  i.e.  the 
equivalent  mixer  noise  temperature  is  reduced  b  a  factor  of  two  by 
employing  phase  sensitive  measurement  techniques. 

A  full  quantum  theoretical  analysis  of  a  superconducting  tunnel 
junction  mixer  was  carried  out  for  the  phase  sensitive  measurement 
technicjue.  It  was  shown  analytically  and  numerically  that  factors  much 
greater  than  our  experimentally  observed  factor  of  two  improvement  in 
the  noise  temperature  of  a  phase  sensitive  mixer  are  possible. 
Unfortunately  the  project  ended  before  the  regions  of  parameter  space  in 
which  the  greatest  noise  reduction  is  possible  were  fully  experimetally 
explored. 


Work  in  the  latter  part  of  this  grant  period  concentrated  on  the 
determination  of  the  relative  contributions  to  the  total  noise  from  the 
preair^jlif ier,  the  thermal  noise  and  the  junction  shot  noise.  We  have 
used  the  quantum  mixing  theory  and  a  simplified  theory  to  theoretically 
predict  noise  vs.  bias  voltage  curves.  By  fitting  our  data  to  the 
theoretical  models  we  can  deduce  information  concerning  the  correlation 
between  the  mixer  shot  noise  being  converted  from  the  signal,  image  and 
IF  frequencies.  Determination  of  the  degree  of  correlation  between  the 
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noise  arising  from  the  different  sidebands  is  the  key  factor  in 
attempting  to  improve  the  signal  to  noise  ratio  of  the  two-LO  mixer 
beyond  the  factor  of  two  already  achieved.  This  work  has  provided  a 
simple  technique  to  predict  and  fit  SIS  mixer  noise  curves  and  a  method 
to  experimentally  determine  the  degree  of  correlation  among  the  various 
sideband  contributions  to  the  noise. 

In  summary  this  work  has  contributed  to  the  understanding  of  quantum 
and  classical  noise  in  superconducting  tunnel  junction  mixers  which  are 
the  lowest  noise  detectors  available  for  frequencies  from  40  GHz  to 
hundreds  of  GHz.  A  novel  phase  sensitive  operating  regime  for  these 
mixers  was  proposed  and  investigated  and  it  was  found  that  the 
techniques  employed  further  reduced  the  noise  of  these  detectors  below 
their  already  nearly  quantum  limited  level. 
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